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TO test the hypothesis that the presence ofventricular lete 
tentials in the hi amplitied, averaged and tittered 
(ECG) can be predicted from the 
211 patients with and without 
previously documented sukined ventricuhu 
outside the acute phase of my i%f 
studied. 
Using linear diirimmant function 
The presence of left ventricular kinesia or aneurysm 
was signiiicantly correlated with the ECG score ( on9 
wave duration, R wave duratiun and amplitude ratio). The 
mean ECG score in patients without ventricular tactiycar- 
dia was 3.4 f 3.5 points compared with 5.5 f 3.9 pints (p 
< 0.001) in patients with ventricular tachycardii. The 
presence of late potentials was p&tively correMed with the 
ECG scure in the whole cohort of patients. This was alsa the 
case in the subgroup of patients without a tory of 
sustained ventricular tachycardia. In contrast, in patients 
with ventricular tachycardia, the presence of late potentials 
was independent of their ECG scene. 
r recent myocardial 
(J Am Coil Car&l 1990;15:152-8) 
Ventricular late potentials can be detected on the body have been considered torepresent the el ctrical substrate for 
surface electrocardiogram (ECG) using signal-averaging 
techniques (1-9) in 70% to 80% of patients with documented 
reentry (21-30). Prospective studies have suggested that the 
ventricular tachycardia (4-7,9-20) and in about 33% of 
presence of ventricular late potentials may be an indicator 
patients with coronary artery disease but without ahistory of 
for future development of ventricular tachycardia in previ- 
ventricular tachycardia orsyncope (lO,K!), Late potentials 
ously asymptomatic patients (31). 
Ventricular late potentials are closely correlated to left 
ventricular contraction abnormalities (10,12,32). 
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ventricular late potentials inthe highly amplified, 
and filtered surface ECG might be predicted from 
ventionai surface ECG. This would represent a relatively 
easy way of selecting patients for further study of ventricular 
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simultaneous six channel reco 
writing ECG recorder (Sieme~s 
raphy using the femoral approa 
Vti The following variables were measured or calculated: 
R/S ratio, amplitude and duration of Q waves and QRS 
duration. All measurements were made as suggested by 
Wagner et al. (39, using the 37 criteria/29 point version of 
were then added, giving a final ECG score that could range 
ventricular late potentials rmed as previously 
described (4,32,38). Four b ordial electrodes as 
originally described (6) were used. Preamplification was 
done by use of a low noise battery-powered preamplifier 
(Princeton Applied Research, model 113) with shielded 
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ECG = electrocardiographic. Reprinted with permission from Wagner et 
al. (36). 
leads. Gain was 25 x 103. hhe tings (single 
pole analog filters; 6 dbloct to 3 z were used 
that did not lead to filter I-inging. Signal averaging was 
performed by use of a dual channel signal-averager (Prince- 
ton Applied Research, model 4202). The averager was 
ernally teetered by a 
triggering was 5~3.5 
sampling rate of 10 kHz. 
averaged. The end of a late potential was identified at 
oint in time at which the low amplitude signal exceeded 
times the level of baseline noise. The o 
potential was defined as the 
amplituce exceeded 40 PV. The 
was then represented by the in 
the end of the signal. Signals of <RI uration were not 
considered as representing a late pote 
To test for the influence of a combi- 
nation of variables for the prediction oflate potentials, linear 
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Figure 1. Correlation between the 29 point electrocardiographi; 
@CG) score and the presence and type of left ventricular (LV) 
contraction abnormalities. Open bars = normaI left ventricle; solid 
bars = hypokinesia; haded bars = akinesl/aneurysm. 
discriminant function analysis was used. During the first 
step, using multiple variables, the contribution of individual 
variables was estimated by the standardized coefficients of
linear discriminant function. During the second step, these 
analyses were repeated for selected combinations of varia- 
bles, and the percent of correctly classified cases was 
estimated. Measurable variables (continuous variables) were 
used unclassified for calculation. Qualitative variables were 
condensed to binary variables. Because only the analysis of 
individual variables for the prediction of an event was 
performed, similar a priori probabilities were used for the 
analysis. These probabilities influence only the assessment 
of the dividing point of the linear discriminant function and, 
thus, the percent of correctly classified cases but nut the 
coefficients of the variables. The estimate ofthe percent af 
correctly classified cases can only be used for the estimation 
of the relative contribution of the variables for predicting 
events. The application f the discriminant function on new 
cases mandates an assessment onan independent random 
sample. For the calculation of the linear discriminant func- 
tion, the SAS DISCRIM procedure was used (39). 
esults 
Restdts of angiocardiography. Coronary artery disease 
was present in 71% of 157 patients without (group I) and 62% 
of 54 patients with ventricular tachycardia (group II) (p = 
NS). Single, double and triple vessel coronary tery disease 
was present in 20%, 23% and 28%, respectively, of cases in 
group I and in 22%, 16% and 24%, respectively, of group II 
patients (p = NS). An angiographically normal contraction 
pattern of the left ventricle was found in 2g% of cases in 
group I (without ventricular tachycardia) but in only IO% of 
cases in group II (with ventricular tachycardia). Fifty per- 
cent of patients with documented ventricular tachycardia 
had a left ventricular aneurysm compared with 24% of 
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Table 2. Electrocardiographic (ECG) Score in Relation to 
Ventric?ar Late Potentials (LP) 
Patients With Patients Withollt 
Late Potentials 1 ate Potentials 
ECG Score ECG Score p Value 
All patients 5.0 + 3.8 (n = 90) 2.5 + 2.7 (II = 121) ~0.001 
Subgroup of patients 
Without VT 4.9 + 3.9 (n = 50) 2.3 + 2.5 (n = 107) <O&O1 
With VT 5.3 + 3.7 (n = 40) 4.7 -+ 3.4 (n = 14) NS 
VT = sustained ventricular tachycarida. 
patients without ventricular tachycardia (p < 0.01, chi- 
square = 11.7). 
score and left ventricular function. The ECG score 
as without ventricular tachycardia (group I) was 3.4 
rt 3.5 points. This was significantly lower than that in 
patients with ventricular tachycardia (group II) (5.5 f 3.9 
points; p < 0.001). In the whole cohort of 211 patients, the 
percentage of patients with ventricular akinesia or aneurysm 
increased significantly (p < 0.01; chi-square = 53.4) with 
increasing ECG score (Fig. 1). The same significant correla- 
tion between ECG score and incidence of a left ventri 
contraction disturbance was found in group I (p < 
chi-square =37.2) as well as in group II (p < 0.05; chi-square 
= 7.77). 
Ventricular late potentials. These were recorded in 90 
(43%) of the 211 patients; 50 (32%) of 157 patients without 
ventricular tachycardia (group I) had late potentials in con- 
trast o 40 (74%) of 54 patients with ventricular tachycardia 
(group II) (p < 0.01; chi-square = 67.6). If present, late 
potentials were significantly shorter in patients in group I
(mean 29.7 ? 14.3 ms) than in group II (47.8 + 30.1 ms; p < 
0.001). 
The ECG scores for the two groups of patients with and 
without late potentials are presented in Table 2. The ECG 
score in patients without ventricular tachycardia (group I) 
was significantly greater (p < 0.0001) in those with late 
potentials (mean 4.9) than in those without (mean 2.3). In 
contrast, in patients with ventricular tachycardia (group II), 
the ECG score did not differ significantly between patients 
with (mean 5.3) and those without (mean 4.7) late potentials. 
QRS duration on the standard EC% in patients without 
ventricular tachycardia (group 1) was shorter in the absence 
than in the presence oflate potentials (Table 3). In contrast, 
in patients with ventricular tachycardia (group II), there was 
no significant difference in QRS duration on the standard 
ECG in patients with and without late potentials. 
Correlation between ECG score and prevalence of late 
potentials. Ventricular late potentials were found more fre- 
quently in patients with a high ECG score. They were 
present in 42 (30%) of I40 patients with an ECG score 
between 0 and 4, in 35 (61.4%) of 57 patients with an ECG 
score between 5 and 9 and in 13 (92.9%) of 14 patients with 
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e3 uration i  Surface ECG in Relation 
ent tentials an istory of Sustained 
Ventric ia 
Patiem Patients P 
With LP Without EP Value 
All patients (5.1 0.107 
Subgr0up of patients 
Without VT 4s) 0.105 
With VI (s) 0.1110 0.112 NS 
Abbreviaiions as in Table 2. 
an ECG score 210. L 
50% (18 of 36 patier%) to 1Ot% (8 
increasing ECG scores. In contrast, in
ular tachycardia (group I%), 67% (18 of 
ts), respectively, ha 
sented in Tables 5 and 6, respectively. Several variables 
bination were anal zed for their power to 
nce of ventricular 
The results for the variable of age are 
it proved to be of no influence 
ventricular tachycardia alone an 
ower abash standardized c 
one, 70% of cases co 
nations of variable 
ing estimates of left ve~tr~c~l~ ction (presence ofaneu- 
rysm or akinesia; ejection fracti the ECG score and the 
entriculas tachycardia still ranked highest. The 
n of the three most essential v riables (history of 
tachycardia, ECG score and QRS duration) 
increased the correctly classified cases from 70% to 76%. 
The influence of ejection fraction, if used in combination 
with other variables, for the prediction of late potentials, 
though of importance, was relatively small (standardized 
coefficient of 0.4) because other variables such as history of 
ventricular tachycardia or ECG score ranked higher. The 
site of the previous myocardial infarction and the presence 
of an abnormal left ventricular contractio 
no practical importa ce (standardized co
zero) if used in this combination of variables. 
In addition, the power of several variables to predict 
to the group of patients 
) a history of ventricular 
tachycardia was analyzed (Table 6). The strongest influence 
on the prediction of a history of ventricular tachycardia was 
exerted by the variable of duration of late potentials (stan- 
. Incidence of Ventricular Late 
the ECG Score 
ECG Score 
-~ 
0 to4 5 to9 10 to 1% --- -- 
AQI pat&m (T&I 30 61 93 
Subgroup of patients 
Without VT (s/c) 21 50 100 
With VT (561 61 81 83 
None of the patients reached an ECG score >14 points. Abbreviations as 
in Table 2. 
of these two variables led to correct 
al slow ventricular 
caused by regionally d
slow conduction around 
electrical ctivity to persist beyond the endof activation of
the normal ve~~~c~e as has be 
lation to the propensity to ventricular tachycardia h s been 
established byseveral studies (4,5,9-20.32,38,41). However. 
they can also be detected in patients after niyocardial 
infarction without documented sustained ventricular tachy- 
cardia in whom areas of left ventricular contraction abnor- 
malities exist (12,32,38). The chance for the occurrence of 
late potentials depends on the type and extent 
contraction abnormalities (82,42). Using intra 
ping studies, iener et al. (42) showed that the major 
difference between patients with and without ventricular 
tachycardia was that a grea!er number of sites with low 
amplitude, fractionated activity could be detected in the 
for han in the latter group. 
score. In contrast to veflt~c~lar te 
waves on the surface ECG represent loss of electrical forces 
during early ventricular ctivation 
the left ventricle that is related to 
tissue. The extent and duration of 
and amplitude ratios on surface 
correlated toleft ventricular function (43-46). Several stud- 
ies (36,43-46) have shown a good correlation between an 
156 BREITHARDT ET AL. 
SURFACE ECG At’iD VENTRICULAR LATE POTENTBALS 
JACC Vd. IS. No. I 
January I :152-g 
Variable Standardized Coefficients of Linear Discriminant Function 
History of VT 0.6 0.7 0.8 0.6 
(1 = yes, 2 = no) 
LV abs -0.2 
(I = aneurysm, akinesia; 0 = others) 
Ejection fraction 0.4 
ECG score -0.6 -0.6 -0.8 -0.6 
QRS duration -0.3 -0.5 -0.4 
Ant wall inf 0.0 -0.1 
(0 = no, I = yes) 
fnf wall inf -0.2 -0.1 
(0 = nu. I = yes) 
Correctly classified cases from group 
No. without LP (%I 97/121 (80%) 901106 (84%) 1071121 (88%) 82/121(68%) 96H21 (80%) 
No. with LP (%6) 63/90 (70%) 53182 (65%) 4OBO (44%) 58190 (64%) 6U’O (67%) 
Total no. (%I 1601211 (76%) 1431188 (76%) 147121 S (70%) 14012 I I (66%) 1561211 (74%) 
Linear discriminant function analysis was used to analyze the strength of single variables or of combinations of variables to predict the presence or absence 
of ventrhxttar late potentials. The coefficients of linear discriminant function are presented. All variables are normalized to the standard coefficient of I. The size 
of a coefficient directly represents the strength of the influence of this variable. A negative sign means that with greater values of the variable. the likehbood of 
late potentials is increased. A positive sign means that with greater values of the variable, the likelihood of late potentials decreases. For the estimation of 
discriminant function, the same a priori probabilities were assumed. The percentage of correctly classified cases is presented for the various combinations of 
variables. Ant wall inf = previous anterior wall myocardiat infarction; ECG score as suggested by Wagner et al. (36); History of VT = history of previous 
sustained ventricular tachycardia occurring outside the acute phase of myocardial infarction; Inf wail inf = previous inferior wall myocardial infarction; LV abs 
= left ventricular contraction abnormalities (that is. 1 = presence of an aneurysm or akinesia. 0 = other patterns such as normal or regional or diffuse 
hypokinesia): other abbreviations as in Table 2. 
T&lo 5. Prediction of the Presence or Absence of Ventricular Late POtetltids 
ECG score based on surface ECG criteria nd left ventricu- 
lar ejection fraction. 
Relation between ECG score 
present study, we tested the hypothesis that he presence of
late potentials i  related to the size of myocardial infarction 
as expressed by this ECG score. This hypothesis was based 
on two observations. First, there is a positive correlation 
between the presence of late potentials and left ventricular 
contraction abnormalities (12,32,38). Second, previous tud- 
ies (36,43-46) have demonstrated a relation between this 
surface ECG score and left ventricular function. To test our 
hypothesis, patients with and without documented sustained 
ycardia were included. 
The mean ECG score in 159 patients without a 
sustained ventricular tachycardia was significantly ower 
than that of 54 patients with documented ventricular tachy- 
cardia. This finding indicates that myocardial scarring as 
assessed by the ECG score on the surface ECG is more 
extended inpatients with than in those without a history of 
ventricular tachycardia. This view is further supported by 
Table 6. Prediction f a History of Sustained Ventricular Tachycardia 
Variable Standardized Coefficients of Linear Discriminant Function 
LP duration 1.1 1.3 I.2 1.2 1.1 
LV abs 0.3 -0.1 
(I = aneurysm. akinesia; 0 = others) 
Ejection fraction -0.6 -0.5 
ECG score 0.1 -0.2 
QRS duration 0.6 0.3 0.7 
Ant wall inf 0.1 0.1 
(0 = no: I = yes) 
Inf wall inf 0.1 0.1 
(0 = no; I = yes) 
Correctly classified cases from group 
No. without VTNF (%) 37154 (68%) 27142 (64%) 3u54 (60%, 28142 (67%) 38/54 (70%) 
No. with VTNF (%) 1271157 (81%) I161146 @lo%) 1291157 (82%) 122/M (84%) 1291157 (82%) 
Total no. (I) 164/211(78%) IO/t88 (76%) 161121 I (76%) 15oMt8 (80%) 1671211 (79%) 
Linear discnmhtant function analysis was used to analyze the strength of single variables or of combinations of variables to predict a history of sustained 
ventricular @chycaMa. The cozfficims Qf linear discriminant function are presented as in Table 5. VF = ventricular fibrillation: other abbreviations as in Table S. 
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than in those w~t~QMt 
ventricular tac~ycard~a. 
previously free of sustained ventricular tachycardia to pre- 
dict the presence of ventricular late potentials. This may 
help identify subgroups of patients after recent myocardial 
infarction in whom ECG signal averaging may be warranted 
to predict prognosis for subsequent development of sus- 
tained ventricular tachycardia. owever. the results of this 
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